Calculating chemically accurate redox potentials for engineered flavoproteins from classical molecular dynamics free energy simulations.
The tricyclic isoalloxazine nucleus of the redox cofactors flavin mononucleotide (FMN) and flavin adenine dinucleotide (FAD) acts as an electron sink in life-sustaining biological electron transfer (eT). The functional diversity of flavin-containing proteins (flavoproteins) transcends that of free flavins. A large body of experimental evidence attributes natural control of flavoprotein-mediated eT to tuning of the thermodynamic driving force by the protein environment. Understanding and engineering such modulation by the protein environment of the flavin redox potential (DeltaE(o)) is valuable in biotechnology and device design. In this study we employed classical molecular dynamics free energy simulations (MDFES), within a thermodynamic integration (TI) formalism, to calculate the change in FMN first reduction potential (DeltaDeltaE(o)(ox/sq)) imparted by 6 flavoprotein active site mutations. The combined performance of the AMBER ff03 (protein) and GAFF (cofactor) force fields was benchmarked against experimental data for mutations close to the isoalloxazine re- and si-faces that perturb the wild-type DeltaE(o)(ox/sq) value in Anabaena flavodoxin. The classical alchemical approach used in this study overestimates the magnitude of DeltaE(o) values, in common with other studies. Nevertheless, chemically accurate DeltaDeltaE(o) values--calculated to within 1 kcal mol(-1) of the experimental value--were obtained for five of the six mutations studied. We have shown that this approach is practical for quantitative in silico screening of the effect of mutations on the first reduction potential where experimental values and structural data are available for the wild-type flavoprotein. This approach promises to be useful as an integral part of future interdisciplinary strategies to engineer desired thermodynamic properties in flavoproteins of biotechnological interest.